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Regulation of vascular nitric oxide in vitro and
in vivo; a new role for endogenous hydrogen
sulphide?
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Background and Purpose: The aim of these experiments was to evaluate the significance of the chemical reaction between
hydrogen sulphide (H2S) and nitric oxide (NO) for the control of vascular tone.
Experimental Approach: The effect of sodium hydrosulphide (NaHS; H2S donor) and a range of NO donors, such as sodium
nitroprusside (SNP), either alone or together, was determined using phenylephrine (PE)-precontracted rat aortic rings and on
the blood pressure of anaesthetised rats.
Key Results: Mixing NaHS with NO donors inhibited the vasorelaxant effect of NO both in vitro and in vivo. Low
concentrations of NaHS or H2S gas in solution reversed the relaxant effect of acetylcholine (ACh, 400 nM) and histamine (100
mM) but not isoprenaline (400 nM). The effect of NaHS on the ACh response was antagonized by CuSO4 (200 nM) but was
unaffected by glibenclamide (10 mM). In contrast, high concentrations of NaHS (200–1600 mM) relaxed aortic rings directly, an
effect reduced by glibenclamide but unaffected by CuSO4. Intravenous infusion of a low concentration of NaHS (10 mmol kg-1

min-1) into the anaesthetized rat significantly increased mean arterial blood pressure. L-NAME (25 mg kg-1, i.v.) pretreatment
reduced this effect.
Conclusions and Implications: These results suggest that H2S and NO react together to form a molecule (possibly a
nitrosothiol) which exhibits little or no vasorelaxant activity either in vitro or in vivo. We propose that a crucial, and hitherto
unappreciated, role of H2S in the vascular system is the regulation of the availability of NO.
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Introduction

The gaseous mediators, nitric oxide (NO) and hydrogen

sulphide (H2S), play a number of important physiological

and pathophysiological roles within the body. Within the

vascular system, NO and H2S are synthesized from L-arginine

and L-cysteine by nitric oxide synthase (NOS) (Moncada and

Higgs, 2006) and cystathionine g lyase (CSE) or cystathionine

b synthetase (CBS) (Moore et al., 2003; Wang, 2003),

respectively. Both gaseous mediators are synthesized in

blood vessels (Palmer et al., 1988; Zhao et al., 2001, 2003).

Functionally, NO is an important regulator of vascular tone

and its over- or under-production has been linked to a

variety of cardiovascular diseases. In contrast, the physiolo-

gical significance of H2S is not yet as clear, but like NO,

it exhibits vasodilator (Zhao et al., 2001) and pro-apoptotic

activity in vascular smooth muscle (Yang et al., 2006).

Elevated concentrations of H2S also occur in animal

models of both septic (Li et al., 2005) and haemorrhagic

(Mok et al., 2004) shock, hypertension (Yan et al., 2004) and

in inflammation (Bhatia et al., 2005).

Although the possibility of some form of ‘cross talk’

between vascular NO and H2S has been suggested previously

(Wang, 2003) the precise nature of such an interaction has

proved difficult to define. At the level of vascular smooth
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muscle cells, for example, H2S has been reported to either

enhance (Zhao and Wang, 2002) or to attenuate (Hosoki

et al., 1997) the relaxant effect of NO in the rat aorta. ‘Cross

talk’ may also occur between the two gases at other levels, For

example, the NO donor, sodium nitroprusside (SNP) upregu-

lates H2S production in rat vascular tissues by augmenting

expression of CSE or CBS (Zhao et al., 2003) suggesting a

possible interaction of these gases at the expression of their

synthesizing enzymes. In addition, we have shown that H2S

is a potent scavenger of peroxynitrite (Whiteman et al.,

2004), which is perhaps indicative of a chemical interplay

between H2S and NO/reactive nitrogen species.

Recently, we reported that H2S reacts chemically with NO

to produce an, as yet, unidentified nitrosothiol in vitro

(Whiteman et al., 2006). The significance of this observation

in pharmacological or physiological terms has not yet been

addressed in detail. With this in mind, we have now

examined the effect of sodium hydrosulphide (NaHS, an

H2S donor) and H2S gas administered alone or in combina-

tion with NO (either provided by a range of donors or

released by appropriate drugs from endothelial cells in situ)

on vascular responsiveness in the isolated rat aorta and on

mean arterial blood pressure (MAP) in the anaesthetized rat.

Methods

All experiments on animals were approved by the animal

ethics committee (IACUC) of National University of Singa-

pore.

Measurement of rat aorta contractility

Experiments were conducted essentially as described pre-

viously (Moore et al., 1990). Briefly, rats (male, Sprague–

Dawley, 250–300 g) were killed by cervical dislocation and

exsanguination and aortic rings (approx. 2–4 mm diameter)

were mounted under a tension of 1.5–2.0 g in 2.5 ml organ

baths containing warmed (371C), oxygenated (95% O2: 5%

CO2) Krebs solution (composition, mM); NaCl 118, KCl 5.4,

NaHCO3 25, MgSO4 1.2, CaCl2 2.5, KH2PO4 1.2, glucose 11.1

(pH 7.4). Changes in tension were recorded using force

transducers connected to a PowerLab (AD Instruments Inc.,

Bella Vista (NSW), Australia) running Chart v5.1.

After equilibration (1 h), rings were precontracted with

phenylephrine (PE), at a concentration (200 nM) found

in preliminary experiments (data not shown) to produce

approximately 70% of the maximum contraction. There-

after, two different types of experiments were carried out on

separate rings as follows; (i) PE-precontracted rings were first

relaxed by cumulative addition of increasing concentrations

of either NaHS (10–1600 mM), sodium nitroprusside (SNP,

0.5–400 nM), S-nitrosoacetylpenicillamine (SNAP, 0.5–50 nM)

or 3-morpholino-sydnonimine (SIN-1, 0.8–3200 nM). Based

on these control experiments, approximate EC70s of SNP

(6 nM), SNAP (1.5 nM) and SIN-1 (272 nM) were re-tested for

the ability to relax PE-contracted rings either alone or

subsequently when mixed with NaHS at a concentration

(100 mM), which by itself produced little or no direct

vasorelaxant effect. Mixing of drugs in this way was carried

out in plastic eppendorf vials and an aliquot of the ‘mixture’

injected into the organ bath approximately 1 min later.

Results are shown as % relaxation of PE-induced contraction,

recorded either 1 or 5 min after administration of either drug

or drug combination, (ii) PE-precontracted rings were relaxed

by addition of a single dose (approx. EC70 in each case) of

either SNP (6 nM), acetylcholine (ACh, 400 nM), histamine

(100 mM) or isoprenaline (400 nM). At the peak of the

vasorelaxant response (approx. 1 min), increasing concen-

trations of either NaHS (10–1600 mM), H2S gas in solution

(10–400 mM) or a single concentration of cysteine (1 mM) was

added and the effect on aortic tone (i.e. further relaxation

or ‘contraction’ – representing reversal of the vasorelaxant

response of the agonist applied) was determined. Deionized

water was used as a vehicle control. In some experiments,

glibenclamide (10 mM), CuSO4 (200 nM) or DL-propargylgly-

cine, (PAG, 1 mM; inhibitor of CSE-mediated H2S biosyn-

thesis) were applied to the organ bath after the vasorelaxant

agent was added and left in contact with the tissue for a

further 3 min before addition of NaHS. Results are shown as

% additional contraction/relaxation of aortic rings exposed

to each vasorelaxant agent.

Measurement of rat blood pressure

Experiments were carried out essentially as previously

described (Mok et al., 2004). Briefly, rats were anaesthetized

(i.p.) with a mixture of ketamine (112.5 mg kg�1) and

xylazine (15 mg kg�1). MAP was recorded from the carotid

artery by means of a pressure transducer connected to a

PowerLab (AD Instruments Ltd., Australia) running Chart v5.

The left femoral vein was cannulated for administration

of drugs. SNP (3.3–16.5 nmol kg�1) or NaHS (5–20 mmol kg�1)

or a mixture thereof were injected intravenously (i.v.) as

a bolus (1 ml kg�1). In some experiments, NaHS (10 or

25 mmol kg�1 min�1) or saline (NaCl, 0.9% w v�1) were

additionally administered as a constant i.v. infusion

(10 min, 0.5 ml kg�1 min�1) before or 3 min after i.v. injec-

tion of the NOS inhibitor, L-NG nitroarginine methyl ester

(L-NAME, 25 mg kg�1). Results are shown as change in MAP

and are expressed as mm Hg.

Statistical analyses

Data show mean7s.e.m with the number of experimental

observations indicated in parenthesis. Statistical analysis

was by one-way analysis of variance (ANOVA) followed by

post hoc Tukey test. A P-value of less than 0.05 was taken to

indicate statistical significance.

Drugs and chemicals

SNP and SIN-1 were purchased from the Alexis Corporation

(Lausen, Switzerland). All other drugs and reagents were

obtained from Sigma Ltd (St Louis, MO, USA). H2S gas was

obtained from Soxal Pte. Ltd (Jurong Town, Singapore). H2S

gas was bubbled for 3 min through water (1 ml) to prepare

a saturated solution (98 mM). The resulting solution was

diluted one in 10 with water and aliquots of H2S solution
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(2.5–200 ml) were thereafter rapidly transferred to the organ

bath using gas-tight syringes.

Results

Effect of H2S and NO on contractility of the isolated rat aorta

The reaction between NO and H2S was first investigated

using the precontracted rat aorta. In early work, the

vasorelaxant effect of the H2S donor, NaHS, as well as H2S

gas in solution and a range of NO donors were compared.

NaHS has been very widely used by many researchers as

a convenient, water-soluble H2S donor. In solution, NaHS

dissociates to Naþ and HS�, which then reacts with Hþ to

yield H2S. Free H2S gas accounts for approximately 30% of

a molar concentration of NaHS (Zhao and Wang, 2002).

In order to test the assumption that NaHS acts only as an

H2S donor drug, we also compared the effect of NaHS with

that of authentic H2S gas in some experiments.

In these preliminary experiments, we observed that SNP,

SIN-1 and SNAP (NO donors) as well as NaHS (H2S donor)

and H2S solution produced concentration-related relaxation

of the PE-precontracted rat aorta with EC50 values of

3.272.1 nM, 160736 nM, 1.2570.05 nM, 630756 mM and

191.7753.4 mM (all nX6). Emax values for SNP, SIN-1 and

SNAP were similar (94.370.8, 97.470.8 and 97.671.1%,

respectively, nX6) while both NaHS and H2S gas were less

effective (62.175.8 and 74.376.6%, respectively, n¼6–14).

In the course of these ‘pathfinder’ experiments we obser-

ved that low concentrations of NaHS (10–100 mM) produced

an additional contraction, which was ‘superimposed’ on that

caused by PE. At such concentrations, NaHS did not relax PE-

precontracted aortic rings. The additional contraction was

not apparent in either endothelium-denuded rings, non-

contracted vessels or precontracted rings exposed to CuSO4

(200 nM) (Table 1 and representative traces are shown in

Figure 1). Thus, H2S may interact with and ‘quench’

endogenous NO released from PE-precontracted aortic rings.

To test this novel hypothesis, we mixed together an

approximate EC50 of SNP (0.8 mM), SIN-1 (6.4 mM) or SNAP

(0.8 mM) with a subthreshold concentration of NaHS

(100 mM). As noted previously, this concentration of NaHS

would be expected to result in a bath concentration of H2S

of approximately 30 mM (i.e. at the lower end of the range

of plasma concentration of this mediator). Application

of the resulting ‘mixture’ to PE-precontracted aortic rings

resulted in markedly reduced vasorelaxant activity 1 min

after drug addition. This effect also persisted (for SNP and

SIN-1) until at least 5 min after addition of the ‘mixture’

(Figure 2a–c).

An additional series of experiments was undertaken to test

the ability of NaHS to reverse the vasorelaxant effect of a

range of endothelium-dependent and -independent agent.

Addition of the endothelium-dependent vasorelaxant agent,

ACh (400 nM) to PE-contracted aortic rings caused relaxation

(69.773.8% of the PE response) which, in the absence

of further intervention, was sustained for several minutes.

Addition of increasing concentrations of either NaHS or H2S

gas in solution (but not vehicle) to the ACh-relaxed aorta

preparation caused a biphasic effect viz. ‘contraction’ (i.e.

reversal of the relaxation due to ACh) at low concentrations

(10–100 mM) followed by relaxation at higher concentrations

(i.e. 100–1600 mM) (Figures 3a,b and 4a).

Intriguingly, inclusion into the organ bath of the KATP

channel antagonist, glibenclamide (10 mM) did not signifi-

cantly affect the ‘contractile’ component of the response to

low concentrations (i.e. 50–200 mM) of NaHS but completely

abolished the subsequent relaxant effect that occurred at

higher concentrations (200–1600 mM; Figure 3b). In complete

contrast, inclusion into the organ bath of CuSO4 (200 nM),

which converts nitrosothiols to a mixture of nitrite and

nitrate, abolished the ‘contractile’ component of the res-

ponse to low concentrations (i.e. 50 and 100 mM) of NaHS

without affecting the direct vasorelaxant effect of NaHS

at higher concentrations (i.e. 200–1600 mM) (Figure 4b).

Further experiments were conducted using both histamine

(endothelium-dependent) and isoprenaline (endothelium-

independent) as vasorelaxant agents. Based on preliminary

concentration pathfinder experiments, EC50s for histamine

(45.0714.5 mM, n¼4) and isoprenaline (89.6714.8 nM,

n¼4) were applied to PE-contracted rat aortic rings and

NaHS added to the organ bath at increasing concentrations.

Like ACh, the response to NaHS in histamine-relaxed tissues

was biphasic in nature with ‘contraction’ at low concentra-

tions and relaxation at high concentrations (Figure 5a).

In contrast, NaHS did not reverse the vasorelaxant effect of

isoprenaline (Figure 5b).

In a final series of experiments, we tested whether

endogenous H2S (synthesized by aortic rings from added

cysteine) was also able to react with and quench endogenous

NO. To this end, we added cysteine (1 mM) to PE-precon-

tracted rat aortic preparations which, as above, had been

relaxed with ACh. Like NaHS, cysteine also reversed the ACh-

mediated relaxation (i.e. contracted; (77.776.5%, n¼11) the

aorta under these conditions. This contraction was partially

inhibited (42.278.8%, n¼7) by inclusion into the organ

bath of PAG, the inhibitor of CSE (1 mM). Cysteine (1mM)

did not affect the tone of noncontracted aortic rings (data

not shown).

Effect of H2S and NO on MAP of the anaesthetized rat

Whether NO and H2S might also react together in the intact

animal was studied by monitoring the blood pressure

lowering effect of NaHS both alone, and in combination

Table 1 Effect of low concentrations of NaHS on response of
endothelium-intact and endothelium-denuded, phenylephrine-precon-
tracted aortic rings

NaHS concentration (mM) Endothelium
intact (%)

Endothelium
denuded (%)

50 102.370.8 100.870.8
100 109.171.3* 99.671.4
200 106.974.8* 89.973.2*

Abbreviation: NaHS, sodium hydrosulphide.

Results are expressed as % contraction over and above that induced by

phenylephrine (200 nM; set at 100%). Values in excess of 100% therefore

indicate contraction due to NaHS addition while values less than 100%

indicate relaxation. Results show mean7s.e.m., n¼ 5–7, *Po0.05.
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with SNP, in the anaesthetized rat. Baseline MAP of animals

used in these experiments was 105.574.1 mm Hg (n¼26).

Bolus (i.v.) injection of either SNP or NaHS caused dose-

related falls in blood pressure (Figure 6a). Brief mixing

followed by coadministration of a mixture of SNP (by itself a

dose which produced approximate 35 mm Hg fall in blood

pressure) and NaHS (by itself a dose which produced less

than 10 mm Hg fall) resulted in an almost complete loss of

vasodepressor activity (Figure 6a) again suggesting quench-

ing of released NO by H2S derived from NaHS. Administra-

tion of the same dose of SNP alone (i.e. without NaHS) at

timed intervals (10–40 min) after injection of the ‘mixture’

revealed complete restoration of the vasodepressor effect of

injected SNP even at the earliest time point.

In separate experiments, we also examined the possibility

that a similar reaction may take place between NaHS and

endogenous, endothelium-derived NO. A slow i.v. infusion

of NaHS (25 mmol kg�1 min�1) resulted in a marked fall in

MAP, which was sustained throughout the 10 min infusion

period. In contrast, a slow i.v. infusion of a lower dose of

NaHS (i.e. 10 mmol kg�1 min�1) resulted in a small (approx.

10–15 mm Hg) but significant rise in blood pressure which

peaked 4 min into the infusion period and began to decline

thereafter (Figure 6b). Intriguingly, this unexpected vaso-
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Figure 1 Representative traces showing the effect of NaHS (50–1600mM) on rat aortic rings precontracted with PE (200 nM). NaHS injection
at the peak of the PE-induced contraction evoked an additional contraction in endothelium-intact (first trace) but not in endothelium-denuded
(second trace) rings. NaHS did not affect nonprecontracted rings (third trace) or precontracted rings treated with CuSO4 (200 nM, fourth
trace). Vertical bar indicates tension scale (g). Horizontal bar shows time (min). Drugs were injected at the arrows as indicated.
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pressor effect of NaHS was abolished in animals given

L-NAME to inhibit endogenous NO biosynthesis (Figure 6b).

These data suggest that low concentrations of H2S may also

quench endogenous, endothelium-derived NO in vivo as well

as in vitro.

Discussion

We have previously shown that NO and H2S react together

in aqueous solution to form an, as yet unidentified, novel

nitrosothiol molecule. This conclusion centred on the use

of donors of NO, such as SNP or SNAP, and of a donor of

H2S, NaHS, and was based on a combination of data using

electron paramagnetic resonance, NO amperometry and

measurement of nitrite concentration (Whiteman et al.,

2006). In the present study, we have evaluated the pharma-

cological consequences of such an interaction between NO

and H2S in terms of the regulation of blood vessel respon-

siveness both in vitro and in vivo.

Effect of H2S and NO on contractility of the isolated rat aorta

SNP, SIN-1, SNAP, NaHS and H2S gas in solution all produced

concentration-related relaxation of the PE-precontracted

rat aorta. It is noteworthy that both NaHS and H2S solu-

tion produced similar effects in this tissue. However, NaHS

proved to be some 3.2 times less potent in molar terms than

H2S gas since, as indicated earlier, only approximately 30%

of NaHS solution is present as free H2S gas.

Preliminary experiments using the PE-precontracted rat

aorta revealed that low concentrations (approx. 10–100 mM)

of NaHS produced a further contraction on top of that

caused by PE whereas higher concentrations (4100 mM)

caused relaxation. NaHS did not contract ‘low tone’ (i.e.

nonprecontracted tissues) in our hands. By far the predomi-

nant effect of NaHS on mammalian blood vessels both

in vitro and in vivo reported to date has been vasorelaxation

(Zhao et al., 2001) due to opening of vascular KATP channels

(Zhao and Wang, 2002). However, high (possibly nonphy-

siological) concentrations of NaHS (i.e. 41 mM) have been

shown to produce modest contraction of the ‘low tone’ rat

aortic rings as well as a complex tri-phasic (contraction/

relaxation/contraction) pattern of responses in the PE-

pretreated rat pulmonary artery (Dombkowski et al., 2004).

These effects may be due to a change in pH (alkalinization)

of the medium at such high concentrations of NaHS.

However, the ability of H2S to further contract PE-pretreated

rat aorta at concentrations (i.e. 10–50 mM), which are known

to occur naturally in mammalian blood and tissue (Richard-

son et al., 2000; Zhong et al., 2003; Mok et al., 2004) has not

previously been reported and may be of physiological and

or pathophysiological significance.

As noted previously we have recently shown that H2S

reacts chemically with NO to form a novel nitrosothiol

(Whiteman et al., 2006). Based on a number of lines of

pharmacological evidence we now propose that a similar

reaction underpins the vascular contractile effect of low

concentrations of NaHS observed in the present study.

Firstly, NaHS did not contract aortic rings, which had been

rubbed to remove the endothelial cells. The contractile effect

of H2S is therefore not a direct action on vascular smooth

muscle cells but an indirect effect involving endothelial cells.

Contraction of the rat aorta (and other blood vessels) in the

organ bath is associated with stretch-induced activation of

endothelial cell NOS and release of vasorelaxant NO (Dainty

et al., 1990; Ohno et al., 1990). Furthermore, drugs which

deplete NO under these circumstances, such as NOS

inhibitors (Moore et al., 2000), are well known to cause an

additional contraction of blood vessels. Accordingly, in situ

quenching of released NO by H2S may underlie the contrac-

tile response to NaHS in precontracted (but not noncon-
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Results are expressed as % relaxation of PE-induced tone and are
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tracted) and in endothelium-intact but not endothelium-

depleted vessels.

Secondly, mixing NaHS with either SNP, SIN-1 or SNAP

resulted in a markedly diminished vasorelaxant effect of

each NO donor thus providing direct evidence that H2S is

able to quench and thereby inactivate NO in vitro. Also,

carrying out the experiment in this way rules out the

possibility that ‘cross talk’ between the two gases occurs by

a tissue-based mechanism, for instance, effects on intracel-

lular transduction pathways. Furthermore, the finding that

H2S reduced the relaxant effect of three chemically very

distinct NO donor molecules points yet again to a direct

chemical interaction between H2S (derived from NaHS) and

NO (derived from NO donors) rather than an indirect effect

on, for example, NO liberation from the donor drug.

Thirdly, while exogenous H2S (derived from NaHS)

quenches the vasorelaxant effect of exogenous NO (derived

from SNP, SIN-1 or SNAP), it was clearly important to

determine whether NaHS exhibits similar activity against

endogenous NO (derived from the vascular endothelium). To

this end, an alternative experimental approach was used in

which low concentrations (10–1600 mM) of NaHS were added

to PE-pretreated aortic rings, which had been partially

relaxed using a submaximal concentration of either SNP

(for comparison) or ACh or histamine (both endothelium/

NO-dependent vasodilators in this tissue, Van de Voorde

and Leusen, 1983; Moore et al., 1990). In all three cases,

a concentration-related reversal of vasorelaxation (i.e. a

‘physiological’ contraction) was noted. The effect of NaHS

was rapid in onset and a full restoration of the PE-induced

tone (i.e. complete reversal) was achieved. Prior exposure of

aortic rings to CuSO4 (which is known to convert nitro-

sothiols to nitrite and nitrate; Stubauer et al., 1991)

prevented the contractile without affecting the relaxant

effect of NaHS thus providing further evidence for the

production of a nitrosothiol within the organ bath. CuSO4

was used in these experiments rather then HgCl2 (another

agent of choice for converting nitrosothiol to nitrite in

tissue homogenates, etc) due to the endothelial damage and

stripping effect of the latter compound (Golpon et al., 2003).
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water was used as vehicle control and did not affect the ACh-mediated relaxation (P40.05). Results show % contraction (reversal of ACh-
mediated relaxation) and are mean7s.e.m., n¼4–14, *Po0.05.
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In stark contrast, NaHS did not reverse the relaxant effect of

isoprenaline that produces a cAMP-mediated, endothelium-

independent and thus NO-independent relaxation response

in this tissue. The relaxation response at higher concentra-

tions of NaHS was, in turn, reduced by glibenclamide

suggesting that this effect followed opening of vascular

smooth muscle KATP channels.

The potential physiological significance of an NO/H2S

interaction would be enhanced if it could be shown to occur

between endogenous (i.e. vessel-derived) H2S and NO. The

precise role of endogenous H2S in the control of vascular

reactivity remains to be elucidated. Homogenates of rat aorta

and tail artery do convert exogenous cysteine to H2S in vitro

as a result of CSE enzyme activity (Zhao et al., 2001, 2003).

The vascular effects of cysteine have also been the subject of

scrutiny over many years. Although cysteine has little or no

direct vascular activity it does reduce the relaxant effect

of ACh in PE-contracted rat aorta rings (Ellis et al., 2000)

and the effect of SNP in the rabbit aorta (Jia and Furchgott,

1993). In the present experiments we demonstrated that

cysteine (like NaHS) also reversed ACh-mediated vasorelaxa-

tion of PE-contracted rat aortic rings in a manner, which was

partially reversed by prior application of PAG, an inhibitor

of CSE. Thus, we propose that cysteine added to the organ

bath is converted by CSE enzyme activity in aortic rings

to endogenous H2S, which then reacts with and partly

quenches the ACh-evoked, endothelium-derived NO to

bring about a contraction of the tissue.
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Effect of H2S and NO on MAP of the anaesthetized rat

Mixing together effective vasodepressor doses of both NaHS

and SNP resulted in complete loss of vasodepressor activity

of the mixture in the anaesthetized rat. No change in

sensitivity towards injected SNP was apparent at 10 min after

injection of the mixture suggesting that the effect of NaHS

was not secondary to inhibition of the effect of NO on

vascular smooth muscle. Thus, we conclude that, as in aortic

rings in vitro, the nitrosothiol product of this reaction

exhibits negligible vasodilator activity in vivo. We also show

that an i.v. infusion of NaHS (25 mmol kg�1 min�1) lowered

blood pressure in the rat while infusion of a low dose of

NaHS (10 mmol kg�1 min�1) increased blood pressure. The

effect was relatively small (10–15 mm Hg) but was statisti-

cally significant and was maintained for several minutes.

That such vasopressor activity of NaHS was abolished in

animals pretreated with L-NAME to inhibit endogenous NO

biosynthesis suggests that H2S (derived from NaHS) reacts
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with and quenches endogenous endothelium-derived NO

thereby resulting in loss of NO-derived vasodilator tone and

a rise in blood pressure.

In conclusion, we show here that combination of H2S and

NO leads to the formation of a novel molecule (perhaps

a nitrosothiol as suggested previously), which does not

relax blood vessels either in vitro or in vivo. One consequence

of this reaction is that, by reducing endogenous NO, H2S (a

presumed vasorelaxant/vasodilator) triggers a ‘paradoxical’

contraction of rat aortic rings in vitro and an increase in rat

blood pressure in vivo. Consequently, the formation of this

novel molecule most likely represents a means for biological

inactivation or perhaps sequestration of released NO.

Although H2S does exhibit vasorelaxant activity in its own

right (by opening vascular smooth muscle KATP channels)

it is markedly less potent than NO with effects usually

apparent only at concentrations above 200 mM while plasma

concentrations of this gas in both man and animals are

generally in the range 30–60mM (Richardson et al., 2000). As

such, we believe that a principal physiological role of H2S,

released from the vasculature, may be to regulate local

concentrations of NO rather than to dilate blood vessels

directly. Reports in the literature providing evidence for

putative physiological and/or pathophysiological role(s)

of H2S may need to be re-evaluated in light of the present

findings and their interpretation.
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